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Abstract 
Acid catalysts such as sulphuric acid, hydrochloric acid, maleic acid and acetic acid have been used for separating 
sugars from stalks. The results showed that sulphuric acid was the best separation reagents. With orthogonal 
experiment and variance analysis, the optimum hydrolysis parameters of the sunflower stalks using sulphuric acid 
have also been discussed. The results indicated that the parameters were ratio of solid to acid 1/30, reaction time 60 
min, and reaction temperature 120 ƕC.  
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1. Introduction 
Plant resources are the only renewable carbon sources compared with fossil energy. These biomass 
residues have no industrial application, and are grinded or burnt on fields, so it is meaningful to develop 
techniques for using biomass, for example, producing liquid fuel [1]. Currently, the techniques of fuel 
ethanol production using wheat straw, corn stalks, corn bran, corn cob, rice straw, bamboo, wood, rice 
husk and other plants have attracted much attention [2-4].  
Sunflowers are much common in northern of Shaanxi province because of its excellent characters, 
such as strong salt tolerance, drought resistance and superior economic benefits. With the planting areas 
of sunflowers increasing, much more stalks were primarily used as domestic fuel or just to be discarded in 
the field. It not only polluted the environment, but also caused great waste of these biomass resources. 
Therefore, it is imperative to study energy conversion technology for sunflower stalk resources. In 
addition, there are abundant local coal resources, so the united technology of the sunflower stalks and 
local coal resources will play an important role in the Western economic, environmental and social 
development. 
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The key issue for the industrialization of bio-ethanol is the conversion of lignocellulosic feedstocks 
into fermentable sugars, and dilute acids is mostly used to hydrolyze plant resources [5, 6]. In this paper, 
acid catalysts such as sulphuric acid, hydrochloric acid, maleic acid and acetic acid have been used for 
separating sugars from stalks. The influencing factors of hydrolysis were studied, and the optimum 
conditions for sulphuric acid hydrolysis based on the sugar yields were studied by orthogonal test. The 
results will give much useful information for next research which is able to use both sunflower stalks and 
local coal adequately. 
2. Materials and methods 
2.1 Raw material 
Sunflower stalks were sampled in Yulin, Shaanxi Province, then air-dried at room temperature to 
equilibrium moisture content of about 0.89 (%, w/w, the same below), milled using a laboratory disc mill 
and the resulting residues (particle size below 0.375 cm) were then homogenized in a single heap of 
power and stored. Sunflower stalks mainly comprise two major fractions – holocellulose (57.67 ± 0.4) 
and lignin (23.11 ± 0.2) – plus lesser amounts of ash (3.98 ± 0.2) and other compounds (14.35 ± 0.1) [1]. 
2.2 Dilute acid hydrolysis 
Dilute acids, including sulphuric acid, hydrochloric acid, maleic acid and acetic acid were added to the 
flasks with air dried sunflower stalk powders respectively. To investigate the effect of acid concentration, 
0.5, 5.0, 10.0 and 20.0 (% w/w) dilute acid were selected. The solid to liquid ratio was 1:10 (w/v). After 
hydrolysis, the solution was filtered and the pH was adjusted to 7.00 with sodium hydroxide. The residues 
were washed with distilled water to neutral. 
2.3 The effort of sulphuric acid hydrolysis 
1) Single factor analysis: Sunflower stalk power was hydrolyzed at atmospheric pressure with sulphuric 
acid in oil bath pan provided with proper agitation and temperature. The operation conditions were as 
follow: sulphuric acid concentration ranged between 0 and 5% (% w/w); solid to liquid ratio from 1:8 
(w/v) to 1/50; hydrolysis temperature modified between 50 and 150 ƕC, and the process time from 0 to 
120 min. The mechanical stirring rate was 120 rpm. When the hydrolysis experiment is finished, the 
solution was filtered, and the pH was adjusted to 7.00 with sodium hydroxide. 
2) Orthogonal test: According to the analysis of single factor, the experimental factors were chosen and 
the level of the factors was decided. 9 different experiment conditions were derived and the orthogonal 
test table is shown in Tab. ĉ. 
Table 1. Factors and levels of the Orthogonal experiments 
Factor Solid to acid ratio Temperature (ƕC) Time (min)
Level 1 1:8 50 30 
Level 2 1:25 100 60 
Level 3 1:30 120 90 
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2.4 Analytical methods 
1) Compounds of sunflower stalk: According to GB / T 2677.10 – 1995 and GB5009.4, holocellulose and 
ash content was determined. In addition, water content and lignin content were detected by Pulp and 
Paper measurement technique [7].  
2) Sugar yields: The concentration of sugars in the hydrolysate were measured using titration of Fehling 
reagent, in accordance with the Chinese National Standard GB T 5009.7 - 2003. The sugar yield 
formula was: 
Sugar concentration Diluted multiples
Sugar Yield= 100%
Sample mass
u
u  
3) SEM observation of residue: The morphological and anatomical features of hydrolyzed residues 
were observed using microscope and scanning electron microscope. 
3. Results and discussion 
3.1 Dilute acid hydrolysis 
1) Sugar yields analysis 
Table 2. Sugar yields of sunflower stalk hydrolyzed by different acid 
Acid  
Concentration
Sugar Yields(%) 
H2SO4 HCl
Maleic 
acid 
Acetic 
acid 
0.5% 16.9 16.9 11.5 9.2 
5% 17.7 17.5 22.9 11.6 
10% - - 26.4 12.0 
20% - - 27.4 11.0 
Initially the sunflower stalks were hydrolyzed by different acid with a series of concentration. The 
results are shown in Tab. Ċ. From the table, it can be seen that the sugar yields hydrolyzed by maleic 
acid are significantly higher than that of other acids and the sugar yields hydrolyzed by acetic acid are 
lowest. However maleic acid is expensive.  
For sulphuric acid and hydrochloric acid, the sugar yields are similar, and the concentration has little 
influence on sugar yields. Compared with chloride ion, the removal of sulfate ion is easier in the follow-
up fermentation steps. Therefore, dilute sulphuric acid is selected as hydrolysis reagent.  
2) SEM images of residues 
It can be shown from Fig. 1 that the surface of raw sunflower stalk is relatively smooth, and the 
components wrap to form a compact structure. After treated with dilute acid, the structures of raw 
sunflower stalks have an obvious change. The closely related surface structures of raw stalks are damaged 
by dilute acid, which greatly increases the surface area and effectively increases the contact area with the 
reaction reagent. So it is beneficial to the hydrolysis of cellulose. 
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Figure 1. SEM of hydrolysis residues 
3) Residues analysis 
Table 2. Components of Reasidues  
Hydrolyst Sugar yields (%) Ash (%) 
Holocellulose 
(%) 
Lignin 
(%) 
Others 
(%) 
Raw sunflower stalks - 4.0 57.7 23.1 15.2 
0.5% H2SO4 16.9 0.93 58.05 31.39 9.63 
0.5% HCl 16.9 2.70 58.57 30.81 7.93 
5% Maleic acid 22.9 0.50 56.68 33.81 9.01 
0.5% Acetic acid 9.2 1.96 62.21 27.55 8.28 
Dilute acid can dissolve some of the soluble impurities of sunflower stalks [8], and make holocellulose 
and lignin increase, but the decomposition of holocellulose will eventually result in lower holocellulose 
and lignin content. Tab. ċ indicates that the sugar yields of raw material hydrolyzed by sulphuric acid 
are similar to that of hydrochloric acid. Their holocellulose increases less than 1% and lignin content 
increases 8%, while the ash and other ingredients decline. For maleic acid hydrolysis, more holocellulose 
can be decomposed to sugars, so its content decreases by 1%, while lignin content jumps as much as 
10.7%. Sugar yields of acetic acid hydrolysis are lower than that of other dilute acid, which is because 
holocellulose is more retained so that holocellulose content grows at 4.54%. 
3.2 Affecting factors of sulphuric acid hydrolysis  
Dilute sulphuric acid has been selected as hydrolysis reagent. The influencing factors of particle size, 
sulphuric acid concentration, ratio of solid to acid, reaction temperature and reaction time were 
considered. 
a: Raw sunflower stalk 
b: Hydrolyzed by H2SO4 
c: Hydrolyzed by HCl 
d: Hydrolyzed by Maleic Acid  
e: Hydrolyzed by Acetic Acid 
a 
e 
dc 
b
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4) Particle size 
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Figure 2. Effect of particle size on the performance of hydrolysis 
Fig. 2 shows the effect of particle size on the performance of hydrolysis. From Fig. 2, it can be seen 
that with the size of  sunflower stalk powder decreases, the sugar yields increase obviously. This is 
because that the smaller particle can enhance the contact area between reagent and substrate, which can 
accelerate the hydrolysis rate. However, the decrease of particle size will raise the costs of mechanical 
grinding. Therefore, the smaller the particle size is, the more the sugars receive, and the higher the costs 
are. 
5) Acid concentration 
0 1 2 3 4 5
12
14
16
18
 
Su
ga
r y
ie
ld
 (%
)
H2SO4 Concentration (%)  
Figure 3. Effect of acid concentration on the performance of hydrolysis 
Fig. 3 shows that acid concentration has little influence on the yield of sugar. Therefore, 0.5% is 
selected as the optimal concentration. 
6) Ratio of solid to acid 
Fig. 4 indicates that with increasing of solid to acid ratio, sugar yields increase. When the ratio is 1/30, 
sugar yields reach the peak of 19.08%. And then the sugar yields begin to decrease, for sugar products 
may exhibit strong inhibition on the hydrolysis reaction [9]. 
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Figure 4. Effect of solid to acid ratio on the performance of hydrolysis 
7) Temperature 
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Figure 5. Effect of temperature on the performance of hydrolysis 
Fig. 5 illustrates that with the temperature increases, there is a maximum value of sugar yield. This is 
because that cellulose hydrolysis is a series reaction, and the produced sugars may change to furfural, 5 - 
hydroxymethyl furfural, levulinic acid and other by-products when the temperature increases further [10]. 
8) Time 
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Figure 6. Effect of time on the performance of hydrolysis 
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Fig. 6 shows that with the time increases, there is also a maximum value of sugar yields. It has an 
increase in the 0 ~ 30 min, and reaches to maximum of 19%. After then, sugar yields drift to drop owing 
to secondary reaction [11]. 
3.3 Optimization 
Orthogonal test has been designed to obtain the optimal conditions. The results are shown in Tab. Č. 
Table 4. Results of orthogonal experiment 
No. Solid to acid ratio Temperature(ƕC) 
Time 
(min) 
Sugar yield
(%) 
1 1:8 50 30 15.2 
2 1:8 100 60 16.5 
3 1:8 120 90 15.8 
4 1:25 50 60 16.9 
5 1:25 100 90 15.7 
6 1:25 120 30 17.3 
7 1:30 50 90 16.8 
8 1:30 100 30 18.4 
9 1:30 120 60 19.1 
k1 47.5 48.9 50.9 
 
k2 49.9 50.6 52.5 
k3 54.3 52.2 48.3 
k1/3 15.833 16.300 16.967
k2/3 16.633 16.867 17.500
k3/3 18.100 17.400 16.100
Range 2.3 1.1 1.4 
Tab Č demonstrates that the effects of each factor on hydrolysis are in order of solid to acid ratio > 
reaction time > reaction temperature.  
Analysis of variance is showed in Tab. č. It illustrates that the ratio of solid to acid has an obvious 
effect on the hydrolysis of sunflower stalk. Reaction time and temperature play non-marked roles on 
hydrolysis. 
Table 5. variance analysis 
Surces of variation Sum of squares(SS) 
Degree of 
freedom(df) 
Mean 
square(MS) F 
Critical 
value Notability
Solid to acid ratio 7.929 2 3.9645 39.252 F0.05=19 ** 
Reaction 
temperature(°C) 1.816 2 0.908 8.990 F0.1=9  
Reaction time(h) 2.996 2 1.498 14.832  * 
Error 0.202 2 0.101    
4. Conclusions 
x Hydrolysis of sunflower stalks using low concentration of sulphuric acid, hydrochloric acid, 
maleic acid and acetic acid was studied. And the sulphuric acid has been selected as the optimum 
catalyst for its lower cost and higher sugar yield. 
x The orthogonal test and variance analysis were used to evaluate the influencing factors. And the 
optimizing parameters for dilute sulphuric acid hydrolysis have also been studied in this paper. 
The results demonstrate the ratio of solid to acid has an obvious effect on the hydrolysis of 
sunflower stalks. Reaction time and temperature play non-marked roles on hydrolysis. 
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x The results of orthogonal test indicate that the optimized conditions are ratio of solid to acid 1/30, 
reaction time 60 min, and reaction temperature 120 ƕC. Under above conditions, the yield of 
sugars is 19.1%.  
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